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ABSTRACT

A new framework for interpreting the origin of the tropical intraseasonal oscillation (TISQ), which avoids
the speed and scale selection problems in the previous theories, is proposed in this study. In this interpretation
TISO is viewed as an oscillation driven by an eastward moving convective region. This convective region consists
of one or more super cloud clusters originating in the Indian Ocean and terminating in mid-Pacific, and is then
followed by another convective region arising in the Indian Ocean in a period of 40-50 days. Additionally, a
formal analogy is pointed out between super cloud clusters and the middle-latitude baroclinic wave packets.

This study includes a simulation of TISO in a 2D model to support our interpretation. Experiments were
conducted with four different convection schemes. The authors advocate that the successful simulation of TISO
depends on the successful simulation of super cloud clusters, which in turn depends on the successful simulation
of the life cycle of cloud clusters, which further in turn depends on the choice of cumulus convection scheme.
What makes a cumulus convection scheme successful in simulating TISO is discussed.

1. Introduction

The tropical intraseasonal oscillation (TISO) (Mad-
den and Julian 1971, 1972; Madden 1986; Murakami
and Nakazawa 1985; among others) has thus far no
well-accepted theory [ for a recent review see Hayashi
and Golder (1993)]. The frequently discussed wave-—
CISK mechanism (Chao 1987; Lau and Peng 1987;
Miyahara 1987; Hendon 1988; Chang and Lim 1988;
Wang 1988) has the major difficulty of too high east-
ward speed. Most wave—CISK type simulations give a
period of 2030 days for the convective region to circle
the earth. To reduce the speed of the oscillation, the
height of the maximum cumulus heating must be low-
ered to the lower troposphere (Takahashi 1987; Lau et
al. 1989), a disagreement with observations. Also,
many studies have the implicit assumption that the pre-
cipitation region circles the globe in about 45 days.
This assumption is in conflict with the observations.
The precipitation region associated with the TISO trav-
els only one-third of the globe, from the Indian Ocean
to mid-Pacific, in about 45 days (and then a new con-
vective region starts in the Indian Ocean), a much
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slower speed [see Lau and Chen (1986), including the
cover picture]. This fact puts the wave—CISK mech-
anism in further doubt as a valid explanation for TISO.
The circulation fields associated with this moving con-
vective region have a global scale and of course the
same period. Thus, when the circulation fields are an-
alyzed, one gets a picture of a global-scale traveling
mode circulating the whole globe with a 40--50-day
period.

Another serious difficulty with the wave-CISK
mechanism lies in the fact that its most favored scale
of convective region is the smallest in a model. The
methods of getting around this difficulty (e.g., Wang
and Chen 1989; Wang and Rui 1990) have not been
validated in models. However, we should point out that
the scale selection problem exists mostly in linear mod-
els (with or without conditional heating) and some
nonlinear models do not have this problem (Hayashi
and Sumi 1986). Nevertheless, even if scale selection
does not present a problem, the excessive speed prob-
lem alone can invalidate wave-CISK.

The evaporation—surface wind feedback mecha-
nism, which was later renamed as the wind-induced
surface heat exchange (WISHE ) mechanism (Emanuel
1987; Neelin et al. 1987), also suffers from the scale
selection difficulty. Although there has been an attempt
to resolve this difficulty (Yano and Emanuel 1991),






